The structure, magnetic and martensitic properties of Fe doped Ni-Mn-In magnetic shape memory alloys have been studied by differential scanning calorimetry, magnetization, resistivity, X-
I. INTRODUCTION
The martensitic transformation is one of the most well known magnetostructural property of ferromagnetic shape memory alloys. It's relation to properties like large magnetocaloric effects, magnetic superelasticity [1] [2] [3] and magnetic field induced giant strains [4, 5] and exchange bias behaviour [6] find applications in technology.
In case of Ni 2 MnGa, a relation between the stability of the martensitic state and the dip in the minority-spin density of states (DOS) at the Fermi level leading to a formation of hybrid states of Ni 3d and Ga 4p minority-spin orbitals has been pointed out [7, 8] . Studies on Ni 2+x Mn 1−x Ga have shown that the partial substitution of Mn with Ni results in an increase of martensitic transformation temperature (T M ) and a decrease of ferromagnetic ordering temperature (T C ) [9, 10] . EXAFS studies on Ni 2+x Mn 1−x Ga have reported the Ni-Ga bond length to be shorter than Ni-Mn bond length resulting in hybridization of Ni 3d and Ga 4p states [11, 12] .
Furthermore, local structural disorder has been shown to be an important factor in inducing martensitic transformations in Mn rich Ni 2 Mn 1+x In 1−x alloys [13] . With increasing Mn concentration the Ni-Mn bond distances decrease much more than Ni-In bond distances giving rise to a local structural disorder which is present well above T M . These local structural distortions are believed to be responsible for Ni 3d -Mn 3d hybridization near Fermi level.
Such a hybridization has been observed through hard X-ray photoelectron spectroscopic studies on Ni 2 Mn 1+x Sn 1−x alloys [14] . This Ni -Mn hybridization also plays an important role in the strength of antiferromagnetic interactions in the martensitic state of these alloys [15] . These antiferromagnetic interactions are present even in the austenitic phase [16] .
The above studies create an impression that local structural disorder caused by substi- 
II. EXPERIMENTAL
The alloys of above composition were prepared by arc melting the weighed constituents in argon atmosphere followed by encapsulating in a evacuated quartz tube and annealing at 750
• C for 48 hours and subsequent quenching in ice cold water. The prepared alloys were cut in suitable sizes using a low speed diamond saw. A part of the sample was powdered and reannealed using the same procedure above by covering it in tantalum foil. X-ray diffraction (XRD) patterns on these reannealed powders were recorded at room temperature in the angular range of 20
• ≤ 2θ ≤ 100
• . Resistivity was measured by standard four probe technique using a closed cycle helium refrigerator in the temperature range from 10 K to 330K. Magnetization measurements were performed using a SQUID magnetometer. Here the samples were first cooled from room temperature to 5K in zero applied magnetic field and the data was recorded while warming (ZFC) followed by cooling (FCC) and subsequent warming (FCW) in the same applied field of 100 Oe. Differential Scanning calorimetric (DSC) measurements were carried out on some of the alloys to confirm their martensitic transformation temperature. For this pieces of 3 to 4 mg were crimped in aluminum pan and heated and cooled along with a crimped empty pan at the rate of 3
• /min in the temperature range of 150K -700K. EXAFS at Ni K and Mn K edges were recorded at Photon Factory using beamline 12C at room temperature. For EXAFS measurements the samples to be used as absorbers, were ground to a fine powder and uniformly distributed on a scotch tape. These sample coated strips were adjusted in number such that the absorption edge jump gave ∆µt ≤ 1 where ∆µ is the change in absorption coefficient at the absorption edge and t is the thickness of the absorber. The incident and transmitted photon energies were simultaneously recorded using gas-ionization chambers as detectors. Measurements were carried out from 300 eV below the edge energy to 1000 eV above it with a 5 eV step in the pre-edge region and 2.5 eV step in the EXAFS region. At each edge, at least three scans were collected to average statistical noise. Data analysis was carried out using IFEFFIT [25] in ATHENA and ARTEMIS programs [26] . Here theoretical fitting standards were computed with FEFF6 [27, 28] . The data in the k range of 2 to 14Å −1 and R range of 1 to 3Å was used for analysis. (Fig 3(a) ) and Ni 2 Mn 1.6 In 0.4 (Fig 3(d) ) undergo martensitic transformation in paramagnetic state as indicated by insets in Fig 3 (a) and (d) . No signature of ferromagnetic transition is observed down to 5K in Ni 2 Mn 1.5 In 0.5 . Similarly the alloys with y = 0.05 for both series (Fig 3 (b) and (e)) also undergo martensitic transformation in paramagnetic state at 420K and 500K respectively. While a sharp rise in magnetization is observed just above 300K (Fig 3(b) ) and may be associated to magnetic ordering in the martensitic phase. A clear paramagnetic to ferromagnetic transitions are observed in y = 0.1 alloys of both series (Fig 3 (c) and (f) ). Martensitic transformation can also be seen to occur in both the alloys at 120K (Fig 3(c) ) and at about 425K (Fig 3(f) ). In order to study the effect of Fe substitution in alloys that do not previously undergo martensitic transition, the alloys of the type Ni 2 MnIn 1−x Fe x , 0 ≤ x ≤ 0.6, were prepared.
The resistivity plots for x = 0.35 and 0.6 are presented in Fig 5(a) and (b) respectively. These alloys show metallic behaviour throughout the temperature range from 300K to 10K
with no discontinuity indicating martensitic transformation. The variation of resistivity is also identical to that in N 2 MnIn as can be seen in inset of Fig 5(b) . The other alloys of this series also exhibit similar metallic behaviour.
Magnetization studies carried out on the same two alloys also support observations drawn from resistivity. Plots of magnetization as a function of temperature for x = 0.35 and x = 0.6 are plotted in Fig 6. The alloys undergo a paramagnetic to ferromagnetic transition at 333K
and 334K respectively and no other transitions are noted down to 5K. Ni 2 MnIn undergoes paramagnetic to ferromagnetic transition at 306K (inset of Fig 6(b) ). Therefore there is an increase in T C due to Fe doping and is also supported by other studies in literature [20, 31] . At this stage a common observation that can be drawn is that irrespective of Mn leads to increased structural disorder, which could be a result of site occupancy disorder. 
